were collected by flushing the oviducts 28 h after the LH surge, and were fertilized and cultured in vitro for 7 days. Ovulation and cleavage rates were not significantly different among the three groups but a higher rate of blastocysts (P < 0.01) was obtained after Antarelix treatment when LH pulsatility was re\ x=req-\ established (group B). Oestradiol concentration was strongly depressed (P < 0.0003) after Antarelix treatment in group A, but was maintained after injection of LH pulses in group B, although at a lower value than before the preovulatory surge in the control group. In conclusion, inhibition of endogenous LH pulses 1 day before the preovulatory surge was not essential for ovulation and in vitro fertilization but was associated with a decrease in plasma oestradiol concentrations and inferior embryo development both in vivo and in vitro. When LH pulsatility was re-established, oestradiol concentrations increased and embryo development was restored.
A GnRH antagonist (Antarelix) treatment was used during the breeding season of Romanov ewes, to investigate whether LH pulses are required the day before the preovulatory surge for normal early embryo development in vivo (Expt 1) and in vitro (Expt 2). In Expt 1, at the onset of oestrus after removal of a fluorogestone acetate sponge, group A0.5 (n = 22) received a subcutaneous injection of 0.5 mg Antarelix, and ovulation was induced with an intravenous injection of 3 mg pig LH 24 h later. The control group (group C, n = 20) were untreated. All ewes were mated naturally at 36 and 48 h after oestrus and embryos were recovered 8 days after sponge removal. There were significant differences in the decrease in LH and in the increase in FSH concentration after Antarelix treatment between treated and control groups. The ovulation rate and embryo recovery rate were not significantly different between the two groups but the blastocyst rate was lower (P < 0.0001) in group A0.5 than in group C, with more unfertilized or degenerated oocytes in group A0.5 (69.2%). In Expt 2, 24 h after sponge removal, group A (n = 10) and group B (n = 10) received one subcutaneous injection of 0.5 mg Antarelix. The control group (group C,n = 10) was left untreated. LH pulsatility was re-established in group B with hourly intravenous injections of 5 pg ovine LH for 24 h. Oocytes were collected by flushing the oviducts 28 h after the LH surge, and were fertilized and cultured in vitro for 7 days. Ovulation and cleavage rates were not significantly different among the three groups but a higher rate of blastocysts (P < 0.01) was obtained after Antarelix treatment when LH pulsatility was re\ x=req-\ established (group B) . Oestradiol concentration was strongly depressed (P < 0.0003) after Antarelix treatment in group A, but was maintained after injection of LH pulses in group B, although at a lower value than before the preovulatory surge in the control group. In conclusion, inhibition of endogenous LH pulses 1 day before the preovulatory Introduction GnRH antagonists can be used to delay and synchronize the LH surge and ovulation in superovulated heifers (Madill et ah, 1994) , goats (Baril et ah, 1996) and in ovarian stimulation cycles for IVF in humans (Frydman et ah, 1992) . However, it is not known whether there are deleterious effects of inhibition of LH on final follicular and oocyte maturation.
It has been generally accepted that FSH is the key gonadotrophin responsible for the recruitment, growth and differentiation of follicles, whereas LH has a role in the acute control of follicular steroidogenesis (Baird et ah, 1976 (Hornnes et ah, 1993; ZelinskiWooten et ah, 1995) . However, against this hypothesis is the fact that embryo yield is improved by LH supplementation after FSH treatment in primates (Weston et ah, 1996) and sheep (Cognié et ah, 1986) .
The inhibition of endogenous pulsatile LH secretion results in a marked decrease in the ovarian secretion of androstenedione and oestradiol (Campbell et ah, 1990) (Hyttel et ah, 1997) . These changes are concomitant with increased follicular steroid production, and it is thought that they are a prerequisite for the oocyte to acquire full developmental competence (Assey et ah, 1994 Crozet, 1989 ).
The oocytes were placed into 900 µ fertilization medium to which was added 100 pi of the sperm suspension (1 IO6 spermatozoa ml4) in a closed tube at 38.5°C. After 18 h of co-incubation, oocytes were washed and placed in culture in 25 pi drops of synthetic oviduct fluid medium under oil (Carolan et ah, 1996) NIH-LHS1; the sensitivity of the assay was 0.3 ng ml"1; the intra-assay coefficient of variation was 8% and the volume of plasma assayed in duplicate was 50 pi (Pelletier et ah, 1982) .
For FSH, the potency of the standards used relative to NIH standards was 0.1 x NIH-FSHS6; the sensitivity of the assay was 0.2 ng ml·1. The intra-and interassay coefficients of variation were 10 and 9.2%, respectively, and the volume of plasma assayed in each duplicate was 100 µ (Blanc and Poirier, 1979) . For progesterone, the volume of plasma assayed was 0.2 ml after extraction with hexane. The sensitivity of the assay was 0.1 ng ml·1; the intra-assay coefficient of variation was 11% (Saumande et ah, 1985) . For oestradiol, the volume of plasma extracted by dichloromethane was 5 ml; the sensitivity of the assay was 0.6 pg ml·1; and the intra-assay coefficient of variation was 8% (Saumande, 1981 (Fig. la) . A 
Experiment 2
The LH fluctuation (Fig. 2a) observed 2 h before Antarelix injection was not observed 1 h after treatment and the concentration remained low at 0.2-0.3 ng ml·1. In the 2 h during which blood samples were taken every 10 min, no LH pulsatility was observed in the five ewes from group A exposed to this sampling regimen. In group (Fig. 2b) Sampling every 10 min (Campbell et ah, 1990) . In the present study, injection of 0.5 mg Antarelix induced a similar inhibition of LH and oestradiol to that described by Campbell et ah (1990) (Baril et ah, 1996) . (Picton and McNeilly, 1991) . In addition, the use of a GnRH antagonist during the follicular phase to delay the LH surge and ovulation in superovulated heifers had no effect on ovulation rate, but there was a non-significant tendency for the number of transferable embryos to be decreased (Madill et ah, 1994 (Carson et ah, 1979) (Bevers et ah, 1997) during which the oocyte undergoes ultrastructural modifications (Hyttel et ah, 1997) .
In conclusion, the present study demonstrates that, in cyclic ewes, inhibition of endogenous LH pulses for 1 day before the ovulatory surge does not affect ovulation and in vitro fertilization but is associated with decreased plasma concentrations of oestradiol and a lower rate of embryo development.
